Introduction: Pancreatic metastasis accounts for 2% to 11% of all renal cell cancer (RCC) metastases. In good clinical status, patients are selected for surgery, and in more advanced disease, for systemic chemotherapy. Stereotactic radiosurgery (SRS) and stereotactic body radiation therapy (SBRT) do not play a therapeutic role so far.
Introduction
Metastatic lesions of the pancreas are rare, accounting for approximately 2-4% of all pancreatic malignancies [1] . Renal cell carcinoma (RCC) is the most common solid tumor that metastasizes to the pancreas [1] [2] [3] . Here, we present a case of renal cell carcinoma that metastasized to the pancreas and was subsequently treated in one treatment session with robotic radiosurgery.
Case Presentation
A 57-year-old patient with a history of slowly metastasized RCC had undergone radical nephrectomy which revealed pT1b G2 L0 V0 clear cell renal cell carcinoma in 2003. Pulmonary metastases subsequently appeared in 2008 and 2011, and he underwent atypical resection of the lung tumors. He was followed up without any systemic treatment. Three new pancreatic tumors in the head, body and neck with a tumor volume of 29, 13, and 5 cc, respectively, were detected eight years after surgery of the primary tumor by enhanced computed tomography (CT). On the basis of the patient's oncological background, the lack of specific tumor markers, and the hypervascular nature of the lesions in the pancreatic body, they were deemed to be metastases from RCC.
Treatment options were systemic therapy, total pancreatectomy, or local ablation. Radiosurgery was offered as an alternative, as the patient refused surgery and systemic therapy. The Interdisciplinary Tumor Board of the University of Munich Hospital approved robotic radiosurgery on an individual treatment approach.
Two gold fiducials (1x3 mm) were placed percutaneously under CT-guidance, one in the left and one the right lesion. Three targets were delineated using contrast-enhanced imaging (CT, T1 MRI). Planning target volumes (PTVs) were defined as the visible tumors in the CT scan, plus 3 mm isotropic expansion. CyberKnife treatment was planned with the Multiplan v3.5 software using fixed cones and one isocenter per target. Prescription dose was 22 Gy at the 75% isodose line, with a total PTV coverage of 95%. Treatment was delivered with dynamic Synchrony tracking for respiratory motion compensation. For the left and right targets, the one fiducial inside each lesion was tracked. The central lesion was targeted using both fiducials. Overall treatment time was 1 hour 15 minutes.
FIGURE 1: Metastasis in the pancreatic head before radiosurgery
Red arrow shows the largest of the three pancreatic metastases in the pancreatic head.
The patient was discharged home immediately after treatment. The initial follow-up was completely uneventful. He was evaluated every three months following treatment. Six months after treatment, the patient developed an occlusion of his bile duct and underwent a stenting procedure. Following the stent implantation, a septic syndrome was diagnosed; he was hospitalized for one week to stabilize the clinical condition. He was put on antibiotics for the following six weeks. After that, his follow-up course was uneventful. Two and a half years after the Cyberknife procedure, the patient is clinically stable and symptom-free. The three treated pancreatic tumors are no longer visible on the last computed tomography control. Furthermore, no new metastatic lesions were detected.
FIGURE 2: Metastasis in the pancreatic head after radiosurgery
Red arrow shows the status after tumor ablation with the fiducial markers in the middle of the pancreatic head.
Discussion
This is, to our knowledge, the first report on SRS or SBRT of pancreatic metastases of renal cell cancer. Pancreatic metastases from renal cell carcinoma are rare and usually present themselves many years after primary diagnosis [1] [2] [3] [4] [5] . Patients can be asymptomatic, and the diagnosis is established during follow-up imaging. In a review of 236 cases in the literature, Sellner, et al. [6] reported 35% of these patients to be asymptomatic with others presenting with symptoms that included abdominal pain (20%), GI bleeding due to duodenal infiltration (20%), obstructive jaundice (9%), weight loss (9%), and pancreatitis and diabetes (3% each).
The mode of spread of renal cell carcinoma to the pancreas is controversial and can either be hematogenous or via lymphatics with direct spread to the pancreas being unusual. Spread through lymphatics may occur by retrograde lymph flow secondary to tumor infiltration of the retroperitoneal lymph nodes. Hematogenous spread may occur along the draining collateral vein of a hypervascular renal tumor with or without associated renal vein thrombosis [7] .
After recent advances in pancreatic surgery, metastasectomies have become promising treatment alternatives in selected cases. Resection of a pancreatic metastasis may involve a standard pancreaticoduodenectomy or a distal pancreatectomy, depending on the location of the secondary deposit. Atypical resection of pancreatic metastasis from renal cell carcinoma, such as duodenum-preserving pancreatic head resection, middle pancreatectomy, and enucleation of the tumor, has been adopted by some authors. Atypical resection has been adopted based on the fact that these lesions are well-encapsulated [1] [2] [3] [8] [9] [10] [11] . Five-year survival ranges from 29% to 81%. Multiple metastatic lesions have a worse prognosis than solitary ones. The best treatment is described to be a R0 resection of the tumor, which is curative in most cases of solitary tumors [9] [10] [11] . Katsurakis, et al. stated that the only possible curative treatment is R0 resection [12] . Notwithstanding the favorable outcomes after surgical resection of pancreatic metastases, some patients might not qualify for surgical resection due to their clinical status. Others do not want to undergo repeated surgical resections because of previous surgeries. Particularly in RCC, ongoing systemic therapies (tyrosine kinase inhibitors) may hinder surgical interventions as these drugs should not be paused over a longer time frame. For these cases, a less invasive local therapy with comparable local tumor control may be regarded as more favorable. Saito, et al. have published results on four patients with pancreatic metastasis of renal cell carcinoma who were successfully treated with conventional radiation therapy (50 Gy, 2 fx/day) [13] . Stereotactic radiosurgery with the capabilities to apply a very high dose of radiation to a limited tumor volume has been shown to achieve this goal in different regions of the body [14] . Also, experience on the local efficacy of SRS for primary pancreatic tumors have been published [15] . However, up to now, no group has reported on SRS for RCC metastases in the pancreas. The here described case is special as multiple metastases have been treated within the pancreas with SRS in one treatment session. This became possible with the adaption of real time tumor tracking throughout the procedure. Each tumor received a high dose of radiation which could be applied precisely to the tumor volume and limit radiation exposure to the surrounding tissues, like the duodenum and stomach. Nevertheless, our patient did develop a serious complication with the occlusion of the bile duct and an infection of the implanted stent. Fortunately, the situation could be well-managed with a six week course of antibiotics. Finally, the patient did not experience any further side-effects and has been able to perform his routine job for the past two and a half years up to the present time without the necessity of additional systemic therapy.
Conclusions
We here describe a rare case with a patient harboring three pancreatic metastases of renal cancer which where all successfully treated with robotic radiosurgery in only one treatment session.
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